Recent advances in science and technology radically changed the way we detect, treat and prevent different diseases in all aspects of human life. Rheumatoid arthritis (RA) is a chronic, systemic, progressive, autoimmune disease in which the body's immune system whose major role is to protect the health by attacking foreign bacteria and viruses are mistakenly, attacking the joints resulting in thickened synovium, pannus formation, & destruction of bone, cartilage. Still now researchers are unable to know the exact cause of this disease. However, it is believed that genes and environmental factors play a role in development of RA. In this review, we discuss the Pathophysiology, predictors, & factors involved in pathogenesis of RA. We also discuss the Conventional therapeutic agents for Rheumatoid Arthritis. More importantly, we extensively discuss the emerging novel drug delivery systems (NDDS) like nanoparticles, dendrimers, micelles, microspheres, liposomes, and so on as these are the promising tools having successful applications in overcoming the limitations associated with conventional drug delivery systems. Although several NDDS have been used for various purposes, liposomes have been focused on due to its potential applications in RA diagnosis and therapy. In addition, we discuss the therapeutic effectiveness and challenges for RA by using these novel drug delivery systems. Finally, we conclude by discussing the future perspectives.
RA is a systemic disorder characterized by inflammation of joint .It is an autoimmune disease that shows chronic systematic inflammatory symptoms due to tissue abnormality, localized damage in different parts of cartilage, bone, tendon and ligament. Inflammatory cytokines causes activation of the macrophages which leads to swelling of joints, damage to cartilage, erosion of bone, functional impairment and stiffness. Several important drugs are been used for RA treatment like Glucocorticoids, DMARDS, NSAIDS, and biological drugs. However, due to low bioavailability and high clearance rates, frequent dosing is been administered to improve the therapeutic effects. These treatments further increases the risk of occurring unwanted side effects like infection, tumors and GI toxicity. However, it is known that patients suffering from RA show symptoms such as acute cardiovascular events, myocardial infarction, shown in Fig1.
Around 40/100,000 of the general population is suffering from this disease worldwide. Out of which percentage of women suffering from RA is 3.6% in contrast to men having 1.7%. Although, it can affect several other joints in the body but the main affected area is observed in wrist joint. 1 Symptoms like tenderness seen in large joints whereas swelling occurs in small joints .Different predicators of Rheumatoid arthritis are represented in Fig2.
Rheumatoid arthritis pathogenesis
Rheumatoid arthritis is characterized by the infiltration of inflammatory cells into the joints .The pathogenesis of RA consist of a complex process involving Pannus formation ,synovial fibroblast proliferation causing infiltration of T-cells, B-cells ,macrophages and plasma cells .However, it consist of mediators to form a network of interdependent system including cytokines ,tumor necrosis factor, interleukins which stimulates the development of pro-inflammatory response on the cell .Hence, aim of treatment is to prevent joint destruction by improving functional ability ,decreasing pain & inflammation in order to maintain a normal lifestyle.
Currently available treatment for rheumatoid arthritis includes several NSAIDs, Glucocorticoids, DMARDs, biological antirheumatic drugs. Although, NSAIDs are having analgesic and anti-inflammatory properties but it does not prevent joint destruction whereas Glucocorticoids are used to reduce the progression of joint damage. 2 The DMARD /Biological antirheumatic drugs are the major groups of the drug that are been used in treatment of RA which shows the potential to prevent from joint damage. Three major factors involved in the pathogenesis of rheumatoid arthritis are classified below and is summarized in Fig 3 & 4. 1. Preclinical RA: Preclinical RA occurs with increase level of diseased condition in association with the presence of auto-antibodies in the body .Most specifically, it includes Calpastatin, p68,RA33, peri nuclear factor and IgM rheumatoid factor. According to American Rheumatoid Association, diagnosis of RA occurs due to the presence of serological features (RF).
2. Genetic aspects of RA: The genetic aspects of RA is mainly determined by metaanalysis and genome-wide association studies (GWASs). Gene therapy of rheumatoid arthritis is capable to transfer genes frequently and efficiently to various joints without any destruction. Several proteins that encodes with genes includes Protein tyrosine phosphate non receptor 22(PTPN22), TNF -induced protein 3(TNFAIP3), Cytotoxic T-Lymphocyte antigen -4(CTL44), C-C chemokine receptor type 6(CCR6) with activator of 4(STAT4). 3. Environmental factors of RA: Neither only genetic factors nor environmental factors are solely responsible, rather bacterial and viral infections are also responsible for the etiogenesis of RA. Bacterial and viral infection consists of mechanisms including presence of molecular mimicry, epitope spreading and expression of the super antigen. From B-cells, the citrulline -specific pathogenic T-cell and antibodies of anti-citrullinated protein (ACPAs) are activated .Furthermore, ACPAs reaction with citrullinated proteins, helps to induce local inflammation causing chronic rheumatoid arthritis .Along with these above mentioned factors, different environment risk factors such as smoking, alcohol, breast feeding, birth weight and socioeconomic conditions also plays important role in the pathogenesis of RA. 4 
Therapeutic approaches (Conventional drug delivery systems)
Till now, no permanent cure has been developed for RA, but by various therapeutic approaches only relieve can be given to patients from the discomfort & pain cause by inflamed arthritis, reducing the joint damage, deformities and thus to provide a healthy active life. RA therapeutics are broadly classified into four different classes depending on the articular function, articular damage and on the synovial inflammation degree. 5 Current conventional therapeutics for RA patients include NSAIDs, DMARDs, Glucocorticoids, and Biological drugs.Conventional treatment strategies for rheumatoid arthritis has been summarized in Table 1 . During RA treatment, it has been observed that NSAIDs, DMARDs and modern biologics shows progressive results . 6 several current novel drug delivery systems for RA are represented in Fig5.
Non-steroidal anti-inflammatory drugs (NSAIDs)
During early stage of rheumatoid arthritis, non steroidal anti-inflammatory drugs such as aspirin, ibuprofen, and naproxen are given to reduce the disease course for long term as it shows promising anti-inflammatory mechanisms without affecting any articular functions. However, it acts by blocking the enzymes such as cycloxygenases COX-1 and COX-2 which plays vital role in reduction of inflammation and pain, & is generated by the prostaglandins. But the drawbacks associated with NSAIDS include renal malfunction, cardiovascular risk and GIT disturbance. 
Glucocorticoids
Currently, near about 45% to 75% of patients are using Glucocorticoids. It acts by releasing phospholipids that leads to reduction of joint inflammation eg .Prednisolone, dexamethasone. Although, these drugs are given during the starting years of treatment however, on frequent & repeated use, it shows several side effects such as hypertension, cardiovascular disease, obesity & sometimes insulin resistance . 
Disease modifying anti rheumatic drugs (DMARDs)
These are referred as slowing acting anti-RA drugs, first used in the 1980s, which takes nearly 1 to 6 months time period for the treatment and acts by altering RA progressiveness resulting in decreased joint destruction. Due to high efficacy, rapid action, low toxicity , low cost, and ease in administration it has found that Methotrexate is the most commonly used type of DMARDs showing anti-rheumatic activity since last 20 years .Limitations include hepatic cirrhosis , hypersensitivity, allergic reactions and retinopathy. 9 
Biological drugs
Biological drugs are regarded as newer DMARDS, which acts by inhibiting overproduction of cytokines (pro inflammatory) in the inflamed site of RA patients .It mainly suppresses the immune system hence, patients are more susceptible to various infections. Currently, these biologic drugs are classified into various categories depending on their targets such as Anti-TNF, IL-1 and IL-6 antagonist-cell co-stimulation blocker & B-celldepleting agent .
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Various novel drug carrier systems for treatment of RA
Since decade ago, different conventional therapies such as analgesics &NSAIDS were used against RA as first line drugs. But with the due course of disease progression they became ineffective & intra-articular steroid deposit is needed to suppress inflammation and pain .With an improved understanding about the role of inflammatory mediators, second line medications which were found to reduce activated T-cell proliferations, various novel drug carrier systems serves as a major breakthrough for treatment RA patients.
Furthermore, it is having wide application in drug delivery as it directly reaches the affected site by controlling the drug release over longer period of time. Several novel therapeutic agents for Rheumatoid Arthritis were summarized in Table2. Nanoparticle Nanoparticle system mainly depends upon polymers & used as drug delivery system in rheumatoid arthritis therapeutics. Many researchers use PLGA nanoparticles to increase the circulating time and to control the rate encapsulated drug release. It has been observed that PLGA Betamethasone systems are much effective in reducing the inflamed condition than that of free glucocorticoids when administrated intravenous into the arthritic rats and mice. Nagei et al. developed nanogel ointment by bead mill method containing ketoprofen solid nanoparticles having mean particle size of 83nm and reported its anti-inflammatory effect in AIA rats. During RA treatment, FDA used both Gold nanoparticles and metallic nanoparticles. But it prefers metallic nanoparticles mostly for passive targeting in RA. However, gold nanoparticles used for RA treatment shows its non-specific toxicity due to the adverse side effect.
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. Several advantages using Nanoparticle drug delivery system includes decreased dosage frequency, increased drug solubility. Prolonged release of drug, Modified pharmacokinetics, tissue distribution of the drug & reduction of toxic side effects. However, it is associated with various limitations as these are costlier, Production is more difficult, Reduce the ability to adjust the dose, Highly sophisticated technology, manufacture skill is required & stability of dosage form is difficult to maintained.
Dendrimers
Dendrimers popularly known as cascade molecules are defined as regularly branched macromolecules with multifunctional surface. (amid amine) dendrimers to the specific targeted activation of macrophages. Methotrexate conjugate with amino groups of dendrimers which are exposed to blood circulation before being delivered into the inflammatory sites showed decreased body weight of CIA mice due to its high cationic charge density. 24 Increase drug loading, controlled release, and increased drug delivery to the targeted site are the merits of using Dendrimers whereas High toxicity due to the presence of amino functional group is the drawback of using dendrimers Lipogelosome L i p o g e l o s o m e i s h a v i n g a n t iinflammatory potential as demonstrated by Turker et al. When administrated intrarticularly, the lipogelosome containing Diclofenac sodium, shows anti-inflammatory efficacy as compared to topically administered marketed product of Diclofenac Furthermore, it was reported out from histopathology and biodistribution studies ,that for inflammatory changes in the synovium joints when treated with lipogelosome formulations showed significantly (p<0.05) lower scores than that of contra lateral joints (control) 25. It increases retention time & are very effective for the general treatment of joint diseases. But limitations of Lipogelosome include drug loss & issues related to stability.
Emulgels
Emulgels are prepared based on the terms of PH, skin irritation test, stability and in-vitro permeation. Using Carrageenan -induced hind paw edema method in Wistar rats, Vandana et al. developed aloe-vera gel of Nimesulide. Both in-vitro and in-vivo studies were carried out to assess the anti-inflammatory potential of developed formulations. Authors revealed Nimesulide permeation of 54% from Nimesulide emulgels as compared to marketed gel of Nimesulide which is 44% at 30 min, indicating better release of drug without any skin irritation. It also shows higher drug loading capacity of 86% as compared to 70% in case of marketed formulations, hence suitable for having high ant-inflammatory effect. 26 Emulgels are effective as they increase drug release at the targeted site with no skin irritation. On contrast, it shows contact dermatitis & poor absorption for larger drug particles as the major drawback symptoms. 
Microemulsion
The Micro emulsion is topically administered colloidal dispersions consist of thermodynamically stable system which are administer at the affected inflammation sites. Its particle size ranges from10-100nm and are having very high mean cumulative % values. Researchers argued Tenoxicam micro emulsion formulation showing higher cumulative percent as compared with the conventional cream and suspension of the drug. Tenoxicam (TNX) formulation was prepared by Tween 80, ethanol and oleic acid, used for controlling the inflammation and shows efficient results in oral formulation. Resulted formulations are more effective during topical delivery of Tenoxicam in various inflammatory conditions. 27 It is more effective in controlling inflammation and shows higher cumulative percentage values. Furthermore, due to its low viscosity, gelling agent is required.
Micelles
Micelles are the drug delivery system used for treatment of RA .Since, stability of micelles is a major problem to be considered. In order to check the stability and solubility, these were formulated with PEG phospholipids that are been used for drug encapsulation. Activation of synovial macrophages occurs mainly due to over expression of Vasoactive intestinal peptide Receptor. Micelles obtained from phospholipid preparation (phosphogliv) when loaded with methotrexate shows increase capability to decrease inflammation upon administration to arthritic rats. 28 Similarly, Camptothecin micelles showed decrease inflammation in comparison to free Camptothecin , when administered to arthritic mice. This method is also useful to improve the solubility of DMARDs .Fewer advantages of using micelles as compared to other NDDS includes good physicochemical stability, increase in the solubility of poorly soluble drug, increase in drug efficiency & Reduced toxicity. But, dilution leading to dissolution is the main drawback.
Liposomes
In order to improve the efficacy of RA conditions, several liposomal systems are been tried which were administered intravenously, getting accumulated in synovial tissue of the patient suffering from RA. Liposomes such as stealth liposomes, cationic liposomes, immuno liposomes, superoxide dismutase liposomes, lactoferrin loaded liposomes & clondronate loaded liposomes were prepared and summarized .The arthritic rats are given phosphatidylcholine and cholesterol based liposome, by encapsulation with clondronate, cause anti-inflammatory therapeutics and are helpful in reducing bone resorption .These liposome clondronate was implemented for depletion of the synovial macrophages. Thus, resultant liposome minimizes joint inflammation and toxicity in contrast to free drugs. 29 There are several advantages of liposomes which includes increased efficacy & therapeutic index with decrease in toxicity of the encapsulated agent. Limitations of using liposome were high production cost, fusion of drug molecules, short half -life and decrease solubility.
Liposomal carrier systems for RA treatment
Liposome system is widely used nowa-days for improving the efficacy in rheumatoid arthritis treatments. By intravenous administration, liposomes get accumulated with the synovial tissue of RA patient. It has been observed that cholesterol and phosphatidylcholine liposome encapsulated with clondronate when administered into arthritic rats causes reduction in bone resorption due to anti-inflammatory activity 30 .The resultant liposomes shows reduction in joint inflammation & decrease in toxicity. Examples include stealth liposome which causes increased therapeutic efficacy of glucocorticoids that is been frequently administered intravenously by non-specific organ-toxicity. However, stealth liposome and PEG modified liposome which circulates with superoxide dismutase, shows promising drug release. 31 However, as summarized in Table 3 , different types of liposomal formulations prepared with various phospholipids and by various preparation methods are described which shows improved therapeutic efficacy.
CONCLUSION
Despite various advancements in research of RA, neither single drug nor combination therapy has acquired fruitful results. With the advent of various drug delivery strategies as mentioned herein, promises to improve patient outcome by reducing the likelihood of an adverse reaction in conventional therapies. However, to address these emerging issues, researchers have developed nanotherapeutics and liposomal drug delivery system methods providing new idea of RA treatment .These methods due to their controlled release, selective accumulation and reduced systemic toxicity outweighs the conventional RA therapies. The newly developed nanocarriers (liposomal formulations) significantly enhance the therapeutic effectiveness of current drugs for improved remission of arthritis in experimental method.
Future prospects
With the advancement of knowledge and technology, strategies may be extended in future to facilitate diagnostic imaging and gene therapy which increases the possibility of successfully controlling the progression of disease in all people suffering from rheumatoid arthritis.
Stimuli responsive carrier system: The copolymers are applied externally and it consist of large physical and chemical changes that depend on the small stimuli and are been used to control the drug transport and gene delivery that cause some changes in their function and structure of drug release. 52 Multifunctional carrier system : Recently during cancer treatment ,the drug is been delivered which shows the development of various functional carrier system that can also be used for therapeutic release and for diagnostic imaging . Some approaches used for improving the treatment method of rheumatoid arthritis includes a) Folate-conjugated radiopharmaceuticals which are used for targeting into the malignant tissue. b) Radiolabel led biologics provide the potential to improve rheumatoid arthritis treatment.
Gene therapy: This field has grasped the researchers worldwide. Gene therapy consist of nucleic acid that are able to inhibit the cells which causes reduction in the disease promoting protein .It is used mostly for encapsulation with a nuclear factor lipid based nanoparticles, which gets modified with folate and helps in regulating the pro-inflammatory gene expression during the critical component of rheumatoid arthritis. 53 
